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Introduction
Bullying is a common international public health problem, more frequently experienced by children growing up in disadvantaged circumstances. [1, 2] Being bullied is characterised by being subject to negative overt and/or covert behaviours, involving a real or perceived power imbalance, delivered physically (e.g. hitting), emotionally (e.g. stigmatising) and/or socially (e.g. excluding). [3, 4] Children who experience being bullied at primary school age are more likely to be bullied as a teenager and both increase the risk of victimization as an adult. [5] Those subjected to bullying at any age are more likely to experience a range of poorer health and social outcomes subsequently [1, 2, 4, 6] including lower self-esteem, [7] poorer mental health, [8] poorer physical health, [9] poorer quality adult relationships [7] and lower educational attainment. [10] In addition, they are also more likely to exhibit anti-social behaviours in later life including committing crimes [9, 10] and are at increased risk of attempting and completing suicide. [4, 11, 12] Tippet et al [1] in their recent meta-analysis found a 40% higher odds of being bullied in children from the lowest income households, compared to the wealthiest. Their study highlights the need to better understand the early life origins for pathways driving social inequalities in being bullied in childhood. [1] The pathways through which socio-economic circumstances (SECs) influence health and wellbeing are complex, but ultimately result in unfair and unjust difference in power and resources available to economic, material and psychosocial conditions. [13] Children born into poverty are significantly disadvantaged throughout their entire life-course experiencing worse physical and mental states of health and wellbeing including bully victimization. [2] To tackle social inequalities, it is necessary first to understand their pathway and potential mediators in order to ameliorate risks. [13] The social-ecological systems perspective [14] provides a framework for our analysis. It suggests that social behaviour patterns, including being bullied, are shaped by social and environmental conditions that evolve across the life-course. [14, 15] In contemporary literature, socially patterned risk factors for being bullied relate to: the child's social networks [16] and their family [17, 18] . However, there is a focus on the child themselves in order to explain differences in bullying victimization. [19] It is unclear the extent to which these factors explain the increased risk of being bullied for children living in more disadvantaged SECs. Using a contemporary, nationally representative sample of children from the UK, we therefore aimed to assess the social patterning of being bullied by age seven years old. We also examined the extent to which any excess risk in being bullied for children growing up in disadvantaged circumstances was explained by factors in their early life social networks, the child's family relationships, and the child's characteristics and abilities.
Materials and methods

Design, setting, and data source
We used data from the UK Millennium Cohort Study (MCS), a nationally representative sample of 19,250 children born in the UK between September 2000 and January 2002, sourced from UK Data Service in 2015. [20] There were 13,681 interviews at age seven years and of these, 12,222 (89%) singleton born children had responses to questions we have used as our primary outcome (i.e. experience of being bullied) and exposure (i.e. household income reported by parent), meeting our inclusion criteria. To control for potential differences in the relationship between our identified mediating risk factors and multiple births, [21] we only use singleton births. In our complete case analysis we had a sample of 5,857 children with data on all variables of interest. The MCS used a stratified clustered sampling design applied to child's residential electoral wards; this provided rural and urban representation. [22] The study oversampled children living in disadvantaged areas and, in the case of England, areas with high proportions of ethnic minority groups by means of its stratified clustered sampling design. [22] Information on the cohort and sampling design can be found in the cohort profile [22] or online (www.cls.ioe.ac.uk/mcs). The MCS was approved by the South West and London Multi-Centre Research Ethics Committees (MREC/01/6/19, MREC/03/2/022, 05/MRE02/ 46 for sweeps one, two and three respectively). [23] The Millennium Cohort Study obtained informed written consent from parent/ guardians of the cohort children in order to participate in the study, children themselves as they grow-up and other participants as necessary. [23] For the present study the MCS has been fully anonymised and did not require additional ethics approval or consent for further analysis.
Primary outcome and exposure
The primary outcome was a measure of whether the MCS child had ever been bullied, derived from the child's own response to the question "How often do children bully you in school?" asked at age seven. We regrouped responses into a binary variable for our primary analysis (ever = 'all of the time' and 'some of the time' or never bullied = 'never'). The question was asked by a trained interviewer as part of a longer interview with the MCS child using a questionnaire and this was usually conducted in their home. No formal definition of bullying was provided to the child.
Our primary SEC exposure was equivalised household income (EHI) measured by parents reporting their household income, recorded when children were nine months old, weighted for number of adults and dependent children in the household, and divided into quintiles. This provides a stable measure of early life SEC that preceded the mediator and outcome measures, [24] providing temporal sequencing to assess mediating pathways over the life-course.
Early life risk factors for being bullied in childhood
We identified early life risk factors for being bullied in childhood that are available in MCS. Such factors include the connectedness of the child's social network, including their social support [25] and social activities like clubs [26] ; family relationships which will shape the child's self-esteem and social identity including family break-up including those resulting from household abuse, negative relationships [27, 28] or authoritarian parenting; [17] and the child's abilities [29] and behaviours [16] that impact on social skills and resilience.
Factors that may influence the child's early life social network. Factors under this category included: child-reported having at least one close friendship at age five years old (no, yes); [30] child-report of play with children outside of school at age five years old (daily, weekly, monthly = yes or never = no); [30] main responder-reported child participation in sport activities at age five years old (3 or more days/week, 2 days/week, 1 day/week, less often, none); [16, 26] main responder-reported moved school at age five years old; and main responderreported social network surrounding family at age five years old (both family and friends nearby, family only, friends only, neither). [25] Factors that may influence the child's earlier life family relationships. Factors under this category included: siblings/other children in the house when the MCS child was born (no: only child, 2 or 3+ other children); [28] quality of main responder (usually the mother) and also their partner (usually the father or father figure) relationship with MCS child both measured using the Pianta Short Form [31] (warm/mostly warm, distant) at three years old; parenting style at age three years old (Formal/ rules, Informal/no rules); family break up from age three and five years (yes, no); [16] main responder (usually the mother) and also their partners their partner (usually the father or father figure) distress level, both measured using the Kessler score for mental distress in the last month, assessed at MCS child's age three years (score�5: normal; score>5: distressed); indoor activities with family as a measure of spending positive times with family at age five years old (daily/several times per week, a couple of times per week, monthly, annually/never); and main responders use of smacking at five years old (never, less than monthly, more than monthly/ daily). [17] Child's earlier life abilities and behaviours. Factors under this category included: socioemotional development using the total score from the Strength and Difficulties Questionnaire (SDQ) ((normal (0 to 13), borderline (14 to 16), and abnormal (17+)). The SDQ assesses socio-emotional behavioural problems through five domains relating to peer problems, conduct disorders, hyperactivity, emotional problems, and pro-social behaviours measured at five years based on activities within the last 6 months-we used the total SDQ score, which excludes prosocial. [16] Bracken school readiness at school entry (school ready (>80 mean score), not school ready (0 to 79 mean score)) which measures cognitive ability at age three years old related to colour recognition, upper and lower case letters, numbers and counting, describing sizes in words, comparisons and naming basic shapes; [16] parent-reported child diagnosis of a limiting long term illness/condition at five years old (no, yes); [29] and finally, child overweight or obese at age five years old defined using the age and sex specific International Obesity Task Force (IOTF) cut-offs. [32] Analysis strategy and statistical methods. Our analysis progressed in three stages. First, we produced descriptive statistics for the prevalence of being bullied at seven years old according to household income quintiles when the child was 9 months old, based on data meeting our inclusion criteria. Secondly, we undertook a univariable analysis to explore and assess the strength of association between household income (exposure) and child-reported being bullied (outcome) with all the early life risk factors as listed above. We did this by estimating relative risk ratios (RR) and 95% confidence intervals (95%CI) by Poisson regression. We considered factors as potential mediators for our third analysis stage, based on their significance level in the univariable analysis, calculated using the likelihood ratio test (p = �0.1). Thirdly, we conducted a complete case multivariable analysis adding our potential mediators grouped into the three domains most commonly reported: factors influencing the child's social networks, the child's family relationships and also the individual child's abilities and behaviours. We used the World Health Organisation's 'stepwise approach' for tackling social inequalities which seeks to reduce the gap between most advantaged and most disadvantaged. [33] Applied to our analysis, we assessed the change to the SEC gap, by comparing the risk for children in the lowest income quintile with the highest, from a sex and ethnicity adjusted baseline. We calculated change in the adjusted baseline RR comparing children in the lowest income quintile with the highest calculated ((adjusted baseline RR)-adjusted RR)/(adjusted baseline RR-1) � 100). [34] We visualized the change in RRs comparing children living in the lowest income quintile families to the highest (the SEC gap). All analyses were conducted in Stata/SE v.13 (Stata Corporation, College Station, TX, U.S.A.) with survey (svy) commands to account for the sample design and attrition up to age seven. We estimated all model parameters by maximum likelihood and used Wald tests to assess the significance of individual model parameters.
Robustness tests.
We repeated our analysis using multiple imputation by chained equations (MICE) to assess the impact of missing data on risk factors in our complete case analysis; missing data ranged from zero for MCS child's sex to 37.6% for the Pianta scale at 3 years (n = 4597). (S1 Fig) . Twenty imputed datasets were calculated using 12 variables in the final multivariable regression model including our study outcome (being bullied at seven years old), primary exposure (household income quintile) and child's sex. MICE estimates were combined using Rubin's rules. [35] We also repeated the analysis with an alternative measure of SECs based on highest maternal educational qualification at birth of cohort child, comparing those with degree plus to those with no formal qualification (none).
We repeated our analysis using an alternative outcome of being persistently bullied at seven years old, comprising children who reported being bullied daily or weekly. Those who were less frequently or never bullied created the comparison group (not persistent = some of the time and never). We also repeated our analysis without our partner reported measure, to account for those children living without a father or father figure to include those living in lone parent households.
We undertook an additional counterfactual mediation analysis to assess how much of the effect of SEC income on being bullied in childhood is mediated via our domains of risk factors. Unlike previous mediation methods, this newer approach can accommodate multiple and correlated mediators. [36] Using the complete case sample we estimated the Natural Direct Effect (NDE), Natural Indirect Effect (NIE) and Total Effect (TE), after adjusting for sex and ethnicity at baseline, using the Medflex package (2018) in R. [36] 
Results
Overall, by seven years of age, 48.6% (n = 5,973) of children self-reported being bullied. There was a social gradient; 52.9% in the lowest income quintile reported having been bullied, compared to 43.9% in the highest (Table 1 ). All the potential mediators for being bullied demonstrated significant social patterning and were progressed onto the univariate analysis, with the exception of paternal warmth (p = 1.74), (Table 1) .
In our univariate analysis household income and being bullied was significantly associated with all potential mediators at p-value less than 0.1, with the exception of four variables (For full univariate results see S2 Table) . Moving school at five years old (p = 0.56), parenting style at three years old (p = 0.63), maternal warmth at five years old (p = 0.16) and child has a limiting longstanding illness at five years old (p = 0.13) were not independently associated with household income as a measure of SEC.
Association between SECs and being bullied, adjusting for potential mediators
Our adjusted baseline model shows 20% greater risk of being bullied in the lowest household income quintile compared to the highest, (sex/ethnicity adjusted baseline RR 1.20, 95%CI 1.06,1.36) using the complete case sample. (Table 2) We note children from all other income groups had a higher risk of being bullied compared to those from the most affluent homes (quintile 5).
Our first model adjusts for factors that may influence the child's social networks attenuating the adjusted baseline increased risk in the most disadvantaged children by 5% (aRR 1.19, 95% CI 1.04, 1.35). Our second model adjusts for factors that may influence the child's family relationships attenuating the adjusted baseline RR by 20% (aRR 1.16, 95%CI 1.02, 1.32). Our third model adjusts for the MCS child's abilities and behaviours attenuating the adjusted baseline 
RR by 35% (aRR 1.13, 95%CI 1.00, 1.28). (Fig 1) . In the final model, adjusting for all factors potentially influencing the child's social network and family relationships, and their abilities and behaviours led to a 45% relative risk reduction compared to the baseline model, (aRR 1.11 95%CI 0.97 to 1.28, P = 0.123) rendering the association non-significant. (Fig 1) In our multivariable model (Table 2) , borderline SDQ score (aRR 1.28, 95%CI 1.13, 1.46), becoming a lone parent at MCS child age three to five years old (aRR 1.41, 95%CI 1.17, 1.69) and only having friends, rather than both family and friends living nearby (aRR 1.10, 95%CI 1.02, 1.18) remained statistically significantly associated with being bullied at age seven. We 
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Robustness tests
Findings from the MICE analysis yielded similar results, with a similar attenuation of 51.9% in the final model from a baseline aRR of 1.23 (95%CI 1.13, 1.34) to aRR 1.15 (95%CI 1.04, 1.27) after adjusting for all mediators in our final model. (S3 Table) Our alternative outcome of persistent bullying was reported by one in ten children overall, and was also significantly higher in the lowest household quintile (14.6%, n = 353) compared to the highest (4.7%,n = 113) (RR 3.07, 95%CI 2.11, 4.47). Adjusting for all risk factors attenuated the RR by 52.6% (aRR 1.97, 95%CI, 1.27, 3.05) but the relative risk remained significant. (S3 Table) Using maternal educational qualifications as an alternative measure of SECs we found similar results. (S4 Table) Removing a partner reported measure we found similar results.(S4 Table) .
Our counterfactual mediation analysis was comparable to our primary analysis. Overall 42.0% of the total effect of income (lowest income quintile versus highest) on risk of being bullied was mediated via early life factors related to the child's social network, family relationships and abilities and behaviours.(S4 Table) This provides a natural direct effect of RR 1.16 (95%CI 1.05, 1.28) and natural indirect effect of RR 1.10 (95%CI 1.06, 1.14).
Discussion
Using a nationally representative sample of UK children born in 2000, we found that 48.6% of children reported they had experienced being bullied by age seven years. The risk of ever being bullied by age seven was about 20% higher in the lowest compared to highest income quintile. Furthermore, the risk of being bullied daily or weekly was more three times greater. Adjusting for the child's early life social network, family relationships and child abilities and behaviours attenuated this increased risk by about a half suggesting that addressing inequalities in these factors may reduce inequalities in being bullied in later childhood.
Comparison with other findings
In our study using a representative UK sample of seven year olds around half reported experiencing some form of bullying. This broadly agrees with a UK government survey [37] that reports half of all 8-16 year olds have concerns about being bullied in school with nearly one in five having been regularly bullied in the last month. [37] Research on early life drivers of social inequalities on later childhood risk of being bullied is scarce. [1, 16] Numerous studies have identified low socio-economic status as a risk factor for being bullied. [1, 28, 38] A recent meta-analysis [1] of 28 international studies identified a 40% greater odds of being bullied for children growing up in poverty. [1] This was larger than the effect seen in our study-a 20% increase across income quintiles. Differences in the inequalities gradient in being bullied may reflect the outcome used, and the measure of SECs. In our study the social gradient was steeper when we used frequent bullying as the outcome.
Our study corroborates a smaller population-based cohort from the Environmental Risk (E-Risk) Longitudinal Twin study [28] of over 2000 children from the UK exploring the association between reports of being bullied and our three domains of proximal risk factors relating to the child's life: school, neighbourhood, and family. [28] Unlike our study, the authors used parent and teacher reported prevalence of being bullied from 5 to 7 years old, which was much lower at 21.6%. [28] The E-Risk study provided a definition of bullying victimization to mothers, which may generate a more specific estimate compared to the question used in the MCS. (34, 35) . When a consistent definition of bullying is applied existing evidence suggests that maternal report of bullying replicates that of the child. [39] Bowes et al found that school, neighbourhood, and family factors are independently associated with any involvement in bullying (including being victim to), above and beyond sociodemographic factors. [28] Similarly, we found a residual impact of SECs on the risk of being bullied after adjusting for the child's social network, family relationships and their abilities and behaviours. A smaller Dutch study [16] involving~1000 children, explored the association between preschool behaviours, family characteristics (socio-economic status and family breakup) and parental mental health on bullying and being bullied. [16] The outcome was Social inequalities in children being bullied measured using peer nomination to identify both bullies and victims in the class, at ages 11 and 13.5 years old. [16] The researchers [16] reported preschool behavioural problems such as poorer motor skills and family relations including family break-up are important risk factors for being bullied in later childhood. We also found children with borderline socio-emotional behavioural difficulties, were more likely to be bullied, as were those who experienced a family break-up from 3 to 5 years old, independent of the child's socioeconomic status.
Strengths and limitations
We used a large nationally representative UK cohort and our results are likely to be generalisable to children today in the UK. Every two years from birth the MCS has consistently gathered extensive details on the MCS children, their family, and home and community environments using validated approaches, which has enabled us to explore a wide variety of covariates associated with the risk of being bullied.
A limitation is that the main outcome measure (e.g. having been bullied) is less ease to compare to other studies as it was reported by the child rather than an adult (e.g. a parent) close to them and no universal definition was applied. Although this approach has been widely used in other studies also exploring social inequalities [39] it may be that more children feel bullied than would be considered bullied by an adult or their teacher or definitions vary according to the responder, which is also commonly seen in studies with multiple reporting sources. [39, 40] However, a potential strength is that the measure captures children's own lived experience, and our child-reported prevalence of bullying compares with findings from UK surveys. [37] The MCS surveys from birth to seven years old do not provide details on types or form (e.g. online or in person) where bullying may be experienced, highlighting an area unexplored by this study. Data collection from the MCS cohort at 14 years old provides details on where bullying is experienced including, cyber-risks. We recommend future research further explores the cyber-risks in explaining the social inequalities pathways leading to being bullied.
A limitation of our outcome is the lack of differential in frequency of being bullied. We captured this in our alternative outcome, and there was a much steeper social gradient in the experience of being bulled every day or weekly. Our study potentially underestimates baseline risk in being bullied by household income. Furthermore adjusting for several apiori-potential mediators attenuated the RR in our primary analysis to non-significant; we are aware, there may be other possible explanation for this attenuation. We strengthen our primary analysis by undertaking various robustness tests, measures to verify our results and underpinning assumptions. We repeated our analysis using a counterfactual mediation approach, more severe outcome measure and an alternative SEC exposure, which gave similar findings.
A further limitation was missing data, an inherent challenge in large cohort studies. We are aware, the children in the cohort with missing data could experience different pathways to being bullied. Reassuringly, using a multiple imputed dataset also produced similar results and conclusions. Furthermore, our analysis design may have excluded vulnerable groups (e.g. lone parent homes). We recommend future research should build upon our work, further explore pathways to social inequalities in children being bullied, to enable researchers and practitioners to understand them better.
Whilst the MCS provides a large dataset with extensive details on the child, their family and home, and community environments using validated approaches from birth, our research has been limited to exploring the mediating effects of variables available within. It is possible the remaining excess risk can be explained by variables not available within this dataset and future research should explore this further.
Policy and practice implications
Tippet et al [1] highlighted that childhood SECs alone provide little policy guidance for targeting anti-bullying interventions amongst school age children. [1] By decomposing the pathways from disadvantaged SECs to increased risk of being bullied at early primary school age, we show that known pre-school risk factors can partially explain the increased risk in disadvantaged children. Many of these early life risk factors for being bullied are socially patterned, and are either preventable or their impact may be ameliorated with the right kind of support. Most current national anti-bullying interventions commence in primary schools, by which time socially patterned differences in the risk of being bullied have already been established. Our results thus suggest that efforts to tackle social inequalities in being bullied need to commence earlier, with an increased focus on supporting social network, family relationships and the child's development from birth and throughout the pre-school years. Much of the excess risk of childhood SEC on bullying could be explained by other factors not available in the MCS dataset. We recommend further research is needed to better understand pathways to social inequalities in childhood bullying. Table. Results from the formal counterfactual medication analysis (Medflex). S4 Table show the findings from applying a formal counterfactual medication analysis, an approach that gives us the flexibility to assess the effect of specific causal pathways in order to quantify its contribution to the outcome of interest. 
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